Introduction {#s1}
============

Acute myeloid leukemia (AML) can infiltrate nearly all organ systems including the heart. Much of the heart involvement was not detected until autopsies because, for unknown reasons, it rarely produced detectable signs or symptoms. The estimated incidence of AML presenting as pericarditis is 1-2% \[[@R01], [@R02]\]. However, we could not find any reported case of AML manifesting as myopericarditis. We report here an interesting case of myopericarditis as an initial manifestation of AML which is a very rare phenomenon. Our case also highlights that it is critical to be aware of atypical presentations of AML because it can lead to timely diagnosis and treatment of this life-threatening condition.

Case Report {#s2}
===========

A 48-year-old Caucasian male presented to our hospital emergency room with the chief complaint of chest pain for 2 h. Until two days prior to presentation, the patient had been in his usual state of health. At that time he noticed malaise, headache and fever. He also noticed severe right-sided posterior neck pain which was sharp and non-radiating. He had not noticed numbness, tingling, motor or sensory deficits. A day prior to presenting at our hospital, he had visited a nearby emergency room with complaints as above. His symptoms had been attributed to viral infection. He was given symptomatic treatment and was discharged home. However, in the next 24 h, he had worsening symptoms. Two hours prior to presentation, he had sharp constant substernal chest pain that began at rest. The pain was aggravated by inspiration and being supine and relieved by lying in lateral position. The pain progressively worsened over the course of 2 h and was associated with mild shortness of breath. The pain was non-radiating and unrelated to exertion. He denied nausea, vomiting, photosensitivity, sick contacts or recent travel.

He did not have past medical history. He had past surgical history of umbilical herniorrhaphy. He had seasonal allergies. He was using testosterone supplements for bodybuilding. He denied smoking, alcohol or recreational drug use. His family history included myocardial infarction in the father who died at age of 52. He worked as an environmental constructor and in wooded areas which made him susceptible to tick exposure. He lived with his wife and was independent in activities of daily living.

Physical examination revealed a muscular male in mild distress. His temperature was 103.4 °F, pulse 100 beats per minute, blood pressure 100/66 mm Hg, respiratory rate 20 breaths per minute and oxygen saturation 94% on room air. His body mass index was 31.6 kg/m^2^. Oral mucosa was dry. No lymphadenopathy was noted. Lungs were clear to auscultation bilaterally. Heart sounds, rate and rhythm were regular. No murmur or friction rub was heard. No reproducible chest pain was noted. Abdomen was soft, non-tender and non-distended with no hepatosplenomegaly. Cranial nerves 2-12 were grossly intact. Motor strength and sensation in all four extremities were intact. On exam, there was no neck rigidity. Brudzinski's and Kernig's sign were negative. No rash or joint swelling was noted. No bruising, petechiae or history of easy bruising was present.

On admission, electrocardiogram (ECG) showed sinus rhythm, rate 103 beats per minute, ST segment elevation in leads I, II, aVL and V~5~ with PR elevation and ST depression in aVR ([Fig. 1](#F1){ref-type="fig"}). Troponin-I was 14.8 ng/mL. Complete blood count revealed a hemoglobin of 10.8 g/dL, white cell count of 13,000/µL, blasts of 56%, absolute neutrophil count of 1,430/µL and platelet count of 83 × 10^3^/µL. Liver function tests showed alanine aminotransferase of 49 U/L and mildly elevated aspartate aminotransferase of 77 U/L. Patient was tested for Lyme disease, anaplasmosis and ehrlichiosis which was negative. Blood cultures were negative. Other investigations are mentioned in [Table 1](#T1){ref-type="table"} below.

![Electrocardiogram (ECG) showing sinus tachycardia, rate 103 beats per minute, ST segment elevation in leads I, II, aVL and V~5~ with PR elevation and ST depression in aVR.](wjon-09-029-g001){#F1}

###### Workup for Myopericarditis

  ---------------------------------------------- --------------
  Human immunodeficiency virus (HIV)             Not detected
  Hepatitis A                                    Not detected
  Hepatitis B surface antigen                    Not detected
  Hepatitis C antibody                           Not detected
  Cytomegalovirus                                Not detected
  Coxsackie type A and B antibody                Not detected
  Influenza A and B                              Not detected
  Parainfluenza 1-4                              Not detected
  Adenovirus                                     Not detected
  Enterovirus                                    Not detected
  *Mycoplasma pneumonia*                         Not detected
  Antinuclear antibody (ANA)                     Negative
  Antineutrophilic cytoplasmic antibody (ANCA)   Negative
  ---------------------------------------------- --------------

Given the patient's family history of early coronary artery disease, use of testosterone supplements and ECG abnormalities, he was diagnosed with ST elevation myocardial infarction. He underwent emergent coronary angiography. Angiography did not reveal any coronary artery disease. It showed mild left ventricular systolic dysfunction with ejection fraction of 40-45%. There was mild hypokinesis in the mid inferior and mid anterolateral walls and no pericardial effusions. Transthoracic echocardiography (TTE) revealed same findings as above. In light of the angiographic and echo findings, his cardiac diagnosis was changed to acute myopericarditis. The patient was started on colchicine 0.6 mg two times a day and ibuprofen 600 mg three times a day. Furthermore, an extensive workup was performed to determine the etiology of myopericarditis. The workup, as shown in [Table 1](#T1){ref-type="table"}, was negative.

Given the patient's fever, headaches, severe neck pain and susceptibility to tick exposure, there was a suspicion of meningitis. The patient was started empirically on intravenous ceftriaxone and vancomycin. Lumbar puncture was performed on the day of admission. Cerebrospinal fluid (CSF) cell count, glucose and protein were within normal limits. CSF culture was negative. Other organisms tested for meningitis/encephalitis as shown in Table 2 were all negative.

Given the abnormalities noted in the patient's initial CBC, the peripheral smear from admission was examined. Red blood cells (RBCs) showed moderate anisopoikilocytosis with preserved central pallor. No schistocytes or nucleated RBCs were seen. There was a paucity of platelets. White blood cells were largely represented by large irregular basophilic cells with large nuclear to cytoplasmic ratio and eccentrically placed irregular nucleus ([Fig. 2](#F2){ref-type="fig"}). The initial impression was AML.

![Peripheral smear showing increase in myeloid precursors with blasts.](wjon-09-029-g002){#F2}

On day 3 of hospitalization, a bone marrow aspiration and biopsy were performed. Pathologic examination showed hypercellular marrow with diffuse mononuclear infiltrates representing \> 95% of marrow cellularity. The infiltrates were composed of blasts cells with high nuclear to cytoplasmic ratio and conspicuous nucleoli. Residual hematopoiesis was scant ([Fig. 3](#F3){ref-type="fig"}). Flow cytometry of the bone marrow aspirate was consistent with AML ([Figs. 4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}). Fluorescence *in situ* hybridization (FISH) analysis was positive for t(6;9)(p23;q34). The rearrangements of 6p/9q are seen in myeloid neoplasms, including AML. Based on the bone marrow evaluation, the diagnosis of AML was confirmed.

![(a) Low power bone marrow (H&E, × 40) demonstrating a packed marrow. (b) High power bone marrow (H&E, × 200) showing cellular infiltrates with high nuclear/cytoplasmic ratio and prominent nucleoli consistent with myeloblasts. (c) High power bone marrow aspirate with Giemsa-Wright stain (× 600) showing myeloblasts.](wjon-09-029-g003){#F3}

![(a) Flow cytometry of the ungated scattergram plot of the marrow aspirate showing a high proportion of events in the dim CD45/low side scatter region (black dots). (b) Blast gate showing expression for CD117 and partial expression for CD34 consistent with blasts.](wjon-09-029-g004){#F4}

![Flow cytometry acute myeloid and lymphoid analysis: marrow aspirate with immunophenotypic profile consistent with involvement by AML (non-M3 phenotype).](wjon-09-029-g005){#F5}

On day 3 of hospitalization, the patient continued to have a fever of 101 °F. Repeat complete blood count showed an absolute neutrophil count of 780/µL. Therefore, ceftriaxone was changed to cefepime for neutropenic fever. He was continued on vancomycin.

On day 5 of hospitalization, he was transferred to a tertiary care center for the treatment of AML. On the day 7 from initial presentation, he was started on induction therapy. This involved continuous 7 days intravenous infusion of cytarabine with a short intravenous infusion of idarubicin on the first 3 days. One week after the completion of induction therapy, a bone marrow biopsy was done. It showed 10-20% residual AML. He was given salvage therapy with high-dose cytarabine (HiDAC) and midostaurin. The patient tolerated the chemotherapy well. Repeat bone marrow biopsy confirmed complete remission with normal cytogenetics. As of the writing of this case, the patient is awaiting HiDAC consolidation treatment and bone marrow transplantation.

Discussion {#s3}
==========

AML is a condition characterized by clonal proliferation of myeloid precursors with loss of ability to differentiate into mature forms. It can manifest clinically with variable symptoms. The typical presentation involves symptoms related to anemia, thrombocytopenia and/or leukopenia. This includes fatigue, weakness, increased bleeding tendencies or predisposition to infections.

It is also important to be aware of the atypical manifestations of AML. This can prompt thorough search into this life-threatening condition. Skin can be involved in up to 10% of AML cases \[[@R03]\]. Skin lesions can manifest as mass-like nodules, and/or erythematous or as a violaceous papules or plaques. Other uncommon manifestations include vitiligo, stasis dermatitis or erythema nodosum \[[@R04]-[@R06]\]. In AML, skin manifestations are indicative of aggressive disease and poor prognosis \[[@R04]\]. AML can present with joint manifestations in 4% of the cases \[[@R07]\]. This includes bone pain/tenderness, arthralgias and symmetric or migratory polyarthritis. The presence of leukemic synovitis is indicative of systemic involvement and should prompt aggressive treatment \[[@R07]\]. Central nervous system involvement is very unusual with estimated incidence of less than 5% \[[@R08], [@R9]\]. The symptoms include headaches, cranial nerve palsies, altered mental status or seizures. AML can manifest as myeloid sarcoma in less than 1% of the cases \[[@R10]\]. Myeloid sarcoma is a solid tumor composed of myeloblasts at an extramedullary site. The most frequently affected sites are skin, lymph nodes or bone \[[@R11], [@R12]\]. However, any part of the body can be affected.

The involvement of heart during the course of AML is not infrequent. Robert et al studied a large case series involving 420 autopsies of leukemic patients, either myelogenous or lymphocytic, from the year 1954 to 1964 \[[@R13]\]. The results showed 288 (69%) patients suffered from some degree of involvement of the heart such as direct leukemic infiltration or localized hemorrhages or both \[[@R06]\]. The most common cardiac site of involvement was the pericardium, affecting 190 (46%) patients followed by left ventricle, right ventricle and left atrium. Much of the heart involvement was not detected until autopsies because, for unknown reasons, it rarely produced detectable signs or symptoms. An initial manifestation of AML as pericarditis is very infrequent. The exact incidence is unknown, but is estimated to occur in 1-2% of the AML cases. In the above case series, only nine of 420 patients (2.1%) presented with chest pain typical of pericarditis \[[@R01]\]. Kulkarni et al studied 80 cases of leukemia in the course of 6 years and only one case had pericarditis as the initial presentation \[[@R02]\]. However, based on our literature review, we could not find any reported cases of AML presenting as myopericarditis.

The patient presented with symptoms of pleuritic chest pain and dyspnea, ECG changes, elevated troponins and presumed new focal left ventricular dysfunction on echocardiography that lead to the diagnosis of probable myopericarditis. The workup to determine the etiology of myopericarditis including serologies for bacterial and viral illnesses as well as cardiac catheterization was unrevealing. The definitive diagnosis of the myopericarditis and associated etiology would have required an endomyocardial biopsy. But this is usually not recommended in patient with no or mild left ventricular dysfunction (ejection fraction greater than or equal to 45%), no signs of heart failure and arrhythmias \[[@R13]\]. Also, the presence of blasts on peripheral smear and bone marrow biopsy confirmed the diagnosis of AML. We determined the cause of his myopericarditis to be AML due to the close temporal association between the two and exclusion of other etiologies. The patient had resolution of chest pain and dyspnea upon treatment with colchicine and chemotherapy. As a result, endomyocardial biopsies, and their associated risks, were avoided in our patient. Our case highlights myopericarditis as the initial manifestation of AML.

Conclusion {#s3a}
----------

Our report illustrates an unusual case of a 48-year-old male presenting with myopericarditis as an initial manifestation of AML. The awareness of atypical presentations can lead to timely diagnosis and prompt treatment of this life-threatening condition. Cases have been reported with AML presenting as pericarditis or with pericardial effusions. To our knowledge, this is the first reported case of AML presenting as myopericarditis.

###### Meningitis Panel in Cerebrospinal Fluid

  ------------------------------ --------------
  *Listeria monocytogenes*       Not detected
  *Neisseria meningitidis*       Not detected
  Enterovirus                    Not detected
  Herpes simplex virus 1 and 2   Not detected
  *Escherichia coli* K1          Not detected
  Hemophilus influenza           Not detected
  Cytomegalovirus                Not detected
  *Streptococcus agalactiae*     Not detected
  Human herpesvirus 6            Not detected
  Human parechovirus             Not detected
  Varicella zoster virus         Not detected
  *Cryptococcus neoformans*      Not detected
  ------------------------------ --------------
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